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EXPERIMENTAL PROGRAM 

Assembly of the high-temperature furnace and the  o p t i c a l  system t o  

be used f o r  measurements of in f ra red  absorpt ion of gases w a s  completed. 

Another test run wi th  argon inside and helium outs ide  of the z i rconia  

tube was  made t o  a temperature of 2800'F. No f r a c t u r e  occurred on the  

z i rconia  tube t h i s  time, probably due t o  the high thermal conduct ivi ty  

of helium outs ide,  The furnace and a u x i l i a r y  components functioned 

s a t i s f a c t o r i l y ,  A t r ave r se  of the platinum and platinum-rhodium thermo- 

couple shows a drop of gas temperature of about 400'F between the t e m -  

perature  a t  the cen te r  of the tube and that near the water-cooled windows. 

Modification of the graphi te  heating element is planned f o r  reducing t h i s  

drop in temperature when more data on the temperature d i s t r i b u t i o n s  are 

ava i l ab le  e 

A test run on the  op t i ca l  system has been made to measure the 

absorpt ion spectrum of CO 

changes which are being considered, the o p t i c a l  system performed satis- 

f a c t o r i l y .  

in the l i t e r a t u r e .  

a t  room temperatures. Except f o r  a few minor 2 

The measurements obtained agree very w e l l  wi th  e x i s t i n g  data 

In  the immediate fu tu re  s p e c t r a l  data  w i l l  be obtained f o r  C02 a t  

temperatures i n  the 2000 t o  3000'F range. 

t o  evaluate  the e f f e c t  of non-isothermal condi t ions i n  the test sec t ion  

These r e s u l t s  w i l l  be used 

and t o  guide modification of the  heat ing element. 

ANALYTICAL PROGRAM 

The inves t iga t ion  of the ca l cu la t ion  of r ad ia t ion  fwm a gas body 

non-uniform i n  temperature iscbeing continued-. A procedure f o r  evaluat ing 

the r ad ia t ion  incident  on the center  of the base plane from a non-isothermal 
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win-grav c y l i n d r i c a l  gas body is included i n  t h i s  progress r e p o r t .  The 

r e s u l t s  show that the e f f e c t  of non-uniform temperature on the  r ad ia r ion  

incidenc on the  base plane could be q u i t e  s i g n i f i c a n t .  The magnitude of 

ch i s  e f f e c t ,  however, depends s t rongly on the  actual absorpt ion spectrum 

of the gas  under consideration. 

The study of radiacive energy t r a n s f e r  from a c y l i n d r i c a l  gas body 

to the bmer and ou te r  base regions is of i n t e r e s t  i n  connection wi th  

1 rbe con;bcetion i:.1. rocker engines 

exhaust  A l l  these scudies however, are based OR t he  physical 

model of a gray isothermal gas, For an  isothermal gas body, the assump- 

tion of gray gas presents no se r ious  problem in sc t l te l  c s l c u l s t i o n s  as 

Che non-gray emissivi ty  can be obtained by numerically in t eg ra t ing  over 

:-he wave!engehs of the gray-gas emis s iv i ty  with the  absorprion c o e f f i c i m c  

and r a d i a t i v e  base hearing from rock*: 

given by she actual in f r a red  absorpt ion spectrum. 

quice d i f f e r e n t  i n  the case of non-isothermal gas 

t r i b u t i o n  due to  each absorption band w i l l  chmge 

semera tuxe  dependence of Planck's d i s t r i b u t i o n , ' ,  

The s i t u a t i o n  becomes 

b o d i e s ,  s ince  the  con- 

as a r e s u l t  of the 

The present  work is 
- 

L 

TO anslyze end show the  e f f e c t  of non-isothermal and nsn-gray gas on the  

emissivity a t  the cen te r  of the base of a c y l i n d r i c a l  gas  body, 3 
AMALYS IS 

The physical system under 'consideration is a r i g h t  c i r c u l a r  c y l i n -  

d r i c a l  gas body? a s  shown i n  F ig ,  1, The gas is of uniform composition 

and non-scat ter ing,  The spec t r a l  absorpt ion c o e f f i c i e n t  w i l l  be assumed 

t o  be independent of temperature. 

Der u n i t  area and t i m e  incident on the cen te r  of the base is given by: 

The s p e c t r a l  r a d i a t i v e  energy f l u x  

I 

0 0  
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i n  terms of dimensionless quan t i t i e s  defined by 

4 
= %/no % = ah'o 

R = r/ro z = z/ro H = h/ro L = &/ro 

Eq. (1) becomes 

s i n  f3 dg dZ j -AkL 
5 = 2 A h  e (3) 

0 0  

where % is c a l l e d  the  apparent emissivi ty .  The s p e c t r a l  emissive power 

(and E%) is a function of pos i t ion  i n  the gas body because of the 

non-uniform temperature f i e l d .  I n  the following ana lys i s ,  the temperature 

w i l l  be assumed t o  be a function of a x i a l  d i s tance  only. S f n i l a r  ana lys i s  

can easi ly  be made f o r  the case of non-uniform radial-temperature d i s t r i b u -  

t ion .  Noting that L = Z/cos f3 and in t eg ra t ing  wi th  respect  to f3 in 

Eq. (3) ,  there  follows 

H 

( 4  3 \ = 2 Ea [E2(%Z) - (z/ dl+z 2 ) E2(\ m)] dZ 
0 

where E2 is the exponential i n t eg ra l  defined by 

W 

-x t  -n E,(x) = J e  t d t  

1 

and the emissive power Em i n  e x p l i c i t  expression is 

(5) 

It is obvious that the  in t eg ra l  i n  Eq. (4) is so involved that only 

numerical evaluat ion is  possible.  I n  p a r t i c u l a r ,  the complexity due t o  

the  non-uniform temperature T(Z) i n  the expression of Ea is formid- 

able .  However, i n  order t o  understand the  func t iona l  dependence of 
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on the non-uniform temperature distribution and the spectral absorption 

coefficient, an analytical expression of 5 is required. To achieve the 

above purpose, several approximations have to be employed. First, the 

Planck distribution will be approximated by the Wien distribution, i,e. 

The above equation gives excellent approximation for Eq. ( 6 )  in the range 
1 .AT - < 0,3 cm O K  

Secondly, the exponential integral will be approximated by a simple ex- 

ponential function, i=e., 

and smaller values in the range AT > 0.3 cm O K .  

where the areas and the first moments of both sides are equal, respectively* 

This approximation has been used in numerous studies of radiative-transfer 

problems. 3 

For the purpose of illustrating the effect of non-uniform temperature 

distribution, a simple expression is chosen for the temperature, 

where b is a dimensionless parameter characterizing the temperature 

distribution. The particular expression makes the exponential in Eq. (7) 

much more tractable mathematically. Substitution of Eq. (9) into Eq. (7) 

yields 

where \ = (CZb/hTo) 

temperature distribution on the spectral emissive power. 

is a parameter indicating the effect of non-uniform 

4 



With E2 and EM given i n  Eqs. (8) and ( lo) ,  r e spec t ive ly ,  Eq, (4) 

can be rearranged 

t h e  integral i n  Eq (11) can be approximated without la rge  error by 

/ %  
JG2 JL? 

exp [- % $2- E 1 - ~ ~ ] d C ~ ~  exp [- ( 5 -  i-> e ]  de 

(12) 
1 1 

s ince  the  areasunder the  two exponent ia l  curves  are q u i t e  c l o s e  for 

Therefore,  Eq- (11) is given by 

5 = 1. 

"or the  spec ia l  case of a semi- inf in i te  c y l i n d r i c a l  gas body (M-, = J 2  Eq 

(1 3) becomes 

I f ,  on the o the r  hand, the temperature i s  uniform, the re  fol lows from Eq, 
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4 which would be the  c l a s s i c a l  r e s u l t  of Schmidt when s imi l a r  ex.ponen'.ial- 

i n t e g r a l  approximations were employed. The approximate r e s u l t s  based on 

Eq. (15) are found i n  good agreement wi th  the  exact numerical r e s u l t s  

given by Schmidt. 

The t o t a l  emissivi ty  is given by 

m 

0 

and must be evaluated numerically wi th  

spectrum. Under the  gray-gas assumption, 4% = A independent of wave- 

lengths  (but not ing t h a t  % is  s t i l l  a funct ion of A ) 9  the  i n t e g r a l  

i n  Eq. (16) wi th  E~ given by Eq, (13) can be e a s i l y  in t eg ra t ed ,  The 

expression, however, is very lengthy and is not given here 

given by actual absorpt ion 

.- 

RESULTS 

To demonstrate the e f f e c t  of non-gray and non-isothermal gas: 

c a l c u l a t i o n s  were made f o r  the emis s iv i ty  a t  the  cen te r  of the  base of 

a semi- inf inice c y l i n d r i c a l  gas body ( H 4  m), Similar  c h a r a c t e r i s t i c s  

are expected f o r  the  case of f i n i t e  c y l i n d e r s c  Shown i n  P ig-  2 is  the  

apparent emLssivity as a function of b .  the parameter cha rac t e r i z ing  

non-uniform temperature d i s t r i b u t i o n  The solid l i qe  regxesenrs rhe 

gray-gas r e s u l t ,  while the  dotted l i n e  represenss t h a t  of the  a c t u a l  

non-gray gas of CO The absorption da ta  of C02 were taken from 

Ref. 5. The r e s u l t s  show tha t  f o r  a gray gas the  e f f e c t  of non-uniform 

temperature i s  q u i t e  s i g n i f i c a n t  

of CO is due to  the  increasing con t r ibu t ion  of 15-micron band a s  the 

temperature decreases This i nd ica res  t h a t  the  ac tua l  absorpt ion spectrum 

plays an  important r o l e  i n  t h e  determination of emissivicy of a non- 

isothermal gas body 

2 -  

T h a t  the e f f e c t  i s  smaller i n  the case 

2 
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NWENCIATURE 

s p e c t r a l  absorpt ion c o e f f i c i e n t  

dimensionless spec t ra l  absorpt ion c o e f f i c i e n t  (\ = ahro) 

c h a r a c t e r i s t i c  parameter of temperature defined by Eq,  (9) 

(C2b/kTo) 

F i r s t  and Second constants  i n  Planck d i s t r i b u t i o n  

exponent ia l  i n t eg ra l  def ined by Eq.  (5) 

s p e c t r a l  black-body emissive power 

dimensionless spectral black-body emissive power 

height  of the cy l ind r i ca l  gas  

dimensionless height (H = h/ro) 

d i s tance  from or ig in  

dimensionless dis tance from o r i g i n  

spectral ,  r a d i a t i v e  hea t  f l ux  

r a d i a l  d i s tance  (r = a s in  B) 

rad ius  of the cy l ind r i ca l  body 

dimensionless r ad ia l  d i s t ance  

a bso 1 u t  e tempera t ure 

temperature a t  the base 

4 
(Ebh = ebh/ao 3 

(L = -d/ro) 

(R = r/ro) 

(Z =I 0) 

a x i a l  d i s tance  

dimensionless a x i a l  d i s tance  

polar  angle  

s p e c t r a l  apparent emissivi ty  <eA = q A / a o  ) 

apparent emissivi ty  defined by E q -  (16) 

wave length 

Stefan-Boltzmann constant  

(Z = z/ro) 

4 

8 



0 

1 h 

1 
FIG. I RIGHT CIRCULAR CYLINDRICAL GAS BOOY 
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FIG. 2 APPARENT EMISSIVITY AT THE CENTER OFTHE BASE 
OF A NON-ISOTHERMAL SEMI-INFINITE CYLINDRICAL 
GAS 
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